a2 United States Patent
Kamps

US009365351B2

US 9,365,351 B2
Jun. 14, 2016

(10) Patent No.:
(45) Date of Patent:

(54) CONVEYING DEVICE, CARRIER, AND
FEEDING DEVICE FOR CONVEYING BULK
GOODS

(71) Applicant: BUEHLER GMBH, Beilngries (DE)
(72) Inventor: Rolf Kamps, Nuglar (CH)
(73) Assignee: BUEHLER GMBH, Beilngries (DE)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 14/401,433

(22) PCT Filed: May 15, 2013

(86) PCT No.: PCT/EP2013/060046
§371 (o)D),
(2) Date: Nov. 14, 2014

(87) PCT Pub. No.: WO2013/171265
PCT Pub. Date: Nov. 21, 2013

(65) Prior Publication Data

US 2015/0136569 Al May 21, 2015
(30) Foreign Application Priority Data
May 15,2012 (EP) eooveeeivieriecicicceene 12168076

(51) Int.CL
B65G 19/14
B65G 23/22

(2006.01)
(2006.01)

(Continued)

(52) US.CL
CPC oo B65G 19/14 (2013.01); B65G 19/20
(2013.01); B65G 19/26 (2013.01); B65G 35/08
(2013.01); B65G 2201/0202 (2013.01)

(58) Field of Classification Search
CPC ... B65G 19/14; B65G 23/22; B65G 54/02
USPC  ooiivevieviecneercicenenen 198/716, 733, 735
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4/1980 Jones .............. B65G 19/14
198/716

4,195,725 A *

4,197,938 A 4/1980 Klinkenberg

(Continued)

FOREIGN PATENT DOCUMENTS

CN 2811219 8/2006
CN 201458266 5/2010
(Continued)
OTHER PUBLICATIONS

China Second Office Action and text of China Second Office Action
conducted in counterpart China Application No. 201380025528.8
(Mar. 9, 2016) (w/ English translation of 2"¢ Action and partial
English translation of text).

Primary Examiner — Douglas Hess

(74) Attorney, Agent, or Firm — Greenblum & Bernstein,
PL.C.

(57) ABSTRACT

The conveying device (1) according to the invention has a
conveying channel (4). The conveying channel (4) is formed
in particular as a conveying pipe (5). At least one carrier (2) is
arranged in the conveying channel (4). In particular, at least
two carriers (2) are arranged in the conveying channel (4).
The conveying device (1) has at least one drive (6) for driving
the at least one carrier (2) in order to convey bulk goods along
a conveying channel axis. The at least one carrier (2) is
loosely arranged in the conveying channel (4) at least in some
sections along the conveying channel axis.
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CONVEYING DEVICE, CARRIER, AND
FEEDING DEVICE FOR CONVEYING BULK
GOODS

The invention relates to a conveying device, a carrier as
well as a method for upgrading and/or converting or refitting
a conveying device according to the preambles of the inde-
pendent claims.

Conveying devices of this kind, which are suitable for
conveying bulk goods such as, for example, rice or flour,
along i.a. curved pipes from an inlet for the bulk goods to an
outlet for the bulk goods are known from the prior art as tube
or pipe chain conveyors or retarding disk conveyors.

U.S. Pat. No. 4,197,938 discloses a conveying device for
bulk goods comprising disk-like carriers. The carriers are
arranged at a cable, wherein the cable comprising the carriers
can be driven by means of a gear wheel for conveying the bulk
goods i.a. along curved pipe sections from an inlet to an
outlet.

This known conveying device for bulk goods is disadvan-
tageous in that, for example, when the carriers are damaged
during operation, replacement thereof is laborious, thus lead-
ing to increased maintenance costs and reducing the mean
throughput of bulk goods through the conveying device.
Moreover, when a cable is used as pulling element with car-
riers mounted thereto, a length adaptation, for example, for
increasing or decreasing the length of the conveying device is
complex. Moreover, the known conveying device is disadvan-
tageous in that a filling level of the conveying device cannot
be adjusted.

NL 1025855 discloses a conveying device having a plural-
ity of carriers comprising an electrically conducting and/or
magnetic material.

Therefore, it is an object of the present invention to avoid
the disadvantages of the known subject-matter, in particular
to provide a conveying device, a carrier and a feeding device
as well as a method by means of which a reliable operation of
the conveying device is possible with little maintenance being
necessary, wherein the operation of the conveying device is
cost-efficient. Itis a further object to provide a feeding device
for allowing an adjustability of a filling level of the conveying
device. It is an additional object of the present invention to
provide a method for upgrading and/or converting or refitting
already installed conveying devices so that they can be easily
maintained during operation and are cost-efficient.

These objects are achieved by a conveying device, a carrier,
a feeding device as well as methods according to the inde-
pendent claims.

The conveying device according to the invention com-
prises a conveying channel. The conveying channel is formed
in particular as a conveying pipe. At least one carrier is
arranged in the conveying channel. In particular, at least two
carriers are arranged in the conveying channel. The conveying
device comprises at least one drive for driving the at least one
carrier for conveying bulk goods along a conveying channel
axis. The at least one carrier is loosely arranged in the con-
veying channel at least in some sections along the conveying
channel] axis.

In the meaning of the present application, a “conveying
device” is understood to be a device for in particular continu-
ously conveying bulk goods. In the meaning of the present
application, a “continuous conveying” of bulk goods is in
particular also understood to be a conveying of bulk goods in
which the flow of bulk goods in the conveying channel is
interrupted in some sections by carriers.

In the meaning of the present application, a “conveying
channel” is understood to be a channel along the longitudinal
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axis of which bulk goods can be conveyed. For example, a
conveying channel can be formed as an open groove or as a
hollow body with circular, triangular, rectangular or square
cross-section or any other cross-sectional shapes. In particu-
lar, the conveying channel is formed as a conveying pipe
having a circular cross-section perpendicular with respect to
the longitudinal axis of the conveying pipe. Further, the con-
veying channel is in particular formed as a circumferential
closed loop.

In the meaning of the present application, “a conveying
channel axis” is understood to be the longitudinal axis of the
conveying channel along which, when being used as
intended, the bulk goods are conveyed.

In the meaning of the present application, a “carrier” is
understood to be an element by means of which, when being
used as intended, bulk goods can be conveyed substantially
parallel with respect to the longitudinal axis of the conveying
channel by positioning the carrier along the longitudinal axis.
In particular, the carrier can be arranged in a hollow body such
as, e.g., aconveying pipe, and can be positioned along the axis
of'the hollow body for conveying bulk goods along the axis of
the hollow body.

In the meaning of the present application, the term “bulk
goods” is understood to be grainy, floury or also fragmented
goods which are present in pourable form and are in particular
capable of flowing. In particular, bulk goods are understood to
be rice, flour, grain, flowing, powdery substances and any
combination thereof.

Inthe meaning of the present application, a “loose arrange-
ment of a carrier at least in some sections along the conveying
channel axis” is understood to be a carrier which is not
directly connected to a drive in this section. In this section,
such a carrier is only moved along the conveying channel axis
by carriers arranged adjacently along the conveying channel
axis and/or bulk goods being conveyed. For example, in a
drive section, a force is exerted on a carrier substantially
parallel with respect to the conveying channel axis, so that the
carrier and bulk goods being in contact with it are positioned
substantially parallel with respect to the conveying channel
axis, wherein the carrier and/or the bulk goods are moved
outside the drive section of the conveying device along the
conveying channel axis.

In the meaning of the present application, the wording “A
and/or B” is understood to mean the following possible com-
binations: A; B; A and B; A and no B; B and no A.

Designing the conveying device with at least one carrier
being loosely arranged in the conveying channel is advanta-
geous in that a replacement of an, e.g., damaged carrier is
easily possible because the carrier is loosely arranged in the
conveying channel. Hence, the maintenance effort is reduced
and thus the operation of the conveying device becomes more
cost-efficient. Moreover, an adaptation to different conveying
channel lengths by removing or adding a carrier is advanta-
geous.

In particular, the conveying channel is S-shaped in at least
one side view. This is advantageous in that a place-saving
arrangement of the conveying device in particular in only one
floor is possible. In the prior art, normally two or three floors
in which the conveying device is arranged are necessary in
this regard.

At least in the drive area, the conveying channel, in par-
ticular the conveying pipe, can comprise steel or can be made
of steel.

Preferably, the conveying channel is formed as a guide
means along the conveying channel axis for the carrier.
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In the meaning of the present application, a “guide means”
is understood to be a means for limiting the movement of the
carrier substantially perpendicularly with respect to the con-
veying channel axis.

This design of the conveying channel as a guide means for
the carrier is advantageous in that the carrier can only make a
slight movement perpendicularly with respect to the convey-
ing channel axis, so that damage to the carrier during opera-
tion is minimized.

This design of the conveying channel as guide means can,
e.g., be achieved in that the mean cross-section of the con-
veying channel along the conveying channel axis has substan-
tially a shape being congruent to the mean cross-section of the
carrier along the conveying channel axis so that the carrier can
still be inserted in the conveying channel and has little play in
a direction laterally with respect to the conveying channel
axis.

Particularly preferably, the drive is realized such that at
least in some sections a force can be exerted by the drive
directly on the carrier substantially parallel with respect to the
conveying channel axis. For this purpose, the carrier can have
at least one drive surface on which said force can be exerted.
Advantageously, the drive surface is elastic and can be made,
e.g., of plastic or rubber or can be coated therewith. It can thus
be achieved that between the drive and the carrier there is not
only a punctiform contact but a linear or even planar contact.
Moreover, the drive surface can comprise steel or can be made
of steel.

In the meaning of the present application, the wording that
“a force can be exerted directly” is understood such that the
force is exerted by the drive on the respective carrier and not
by further carriers arranged between the drive and the carrier
and/or by bulk goods.

This design of the drive is advantageous in that the force
can be transmitted to the carrier in a reliable manner even if
the carriers are arranged in a loose manner.

Particularly preferably, at least in a drive section, the drive
reaches into the conveying channel for exerting a force on a
carrier arranged in the drive section in a manner substantially
parallel with respect to the conveying channel axis.

This is advantageous in that the drive must be arranged
only in a portion of the device, which facilitates maintenance
of'the conveying device and simplifies the structural design of
the conveying device.

In particular, the overall length of the carriers arranged in
the conveying channel is smaller than the length of the con-
veying channel axis. Preferably, the overall length of the
carriers is larger than the length of the conveying channel axis
minus the length of the at least one drive section.

This is advantageous in that the drive of the carriers in the
conveying channel can be reliably guaranteed.

The “overall length” of the carriers is understood to be the
effective longest elongation of a carrier along the conveying
channel axis multiplied by the number of carriers arranged in
the conveying channel. If the carriers have different designs,
the “overall length” of the carriers is understood to be the sum
of the effective longest extensions of the carriers along the
conveying channel axis.

Preferably, the drive is configured such that a force can be
exerted on the carrier substantially in the circumferential
region of the carrier facing the inner wall of the conveying
channel.

In the meaning of the present application, the wording that
“a force can be exerted substantially in the circumferential
region of the carrier facing the inner wall of the conveying
channel” is understood such that the drive engages with the
carrier by means of a drive means for exerting a force,
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wherein the drive means directly contacts a section in the
circumferential direction of the carrier.

This design is advantageous in that the drive must engage
with the conveying channel only in the area of the inner wall
in order to achieve the drive effect, so that collisions of the
drive with other parts of the carrier or also a compression of
bulk goods is minimized.

Particularly preferably, the drive can be selected or is
selected from the list of the following kinds of drives or any
combinations thereof: chain drive, belt drive, coupler mecha-
nism, gear drive, worm drive, magnet drive. The coupler
mechanism can be realized, e.g., as four bar mechanism, in
particular as straight line drive.

Drives of'this kind are known to the person skilled in the art
per se. Advantageously, the best suitable drive can be selected
in accordance with the requirements as well as, e.g., the
structural boundary conditions.

In particular, a coupler mechanism is used, which turned
out to be particularly advantageous during operation.

When using a magnet drive, it is in particular necessary to
select the material for the carrier such that the alternating
magnetic fields generated by the magnet drive allow the car-
riers to be driven.

In a first preferred version, the drive comprises at least one
carrier bolt by means of which at least in some sections a force
can be exerted directly on the carrier substantially parallel
with respect to the conveying channel axis, in particular on a
drive surface of the carrier. The carrier bolt preferably extends
in a vertical direction at least while a force is exerted on the
carrier.

Advantageously, the drive of this first version is realized as
achain drive and comprises at least one pair of driving chains,
wherein any one of two opposite ends of the carrier bolt is
mounted to a respective drive chain of the pair of drive chains.
In case the carrier bolts extend vertically, the drive then com-
prises at least one lower drive chain and at least one upper
drive chain.

The drive can comprise only one single or a plurality of
drive chain pairs with respective carrier bolts. In some
embodiments of the first version, the carrier bolts are
arranged laterally of the conveying channel. Preferably, the
carrier bolts of a first drive chain pair are arranged at a first
side of the conveying channel, and the carrier bolts of a
second drive chain pair are arranged at a second side of the
conveying channel opposite the first side. It is thus possible to
prevent the carriers from becoming wedged together while
the carrier bolts exert a force on them.

It is also preferable that the distance between two adjacent
carrier bolts is substantially identical to the extension of the
carriers along the conveying channel axis. This means that the
distance between two adjacent carrier bolts is at least as large
as the extension of the carriers along the conveying channel
axis and at most 1.5 times, preferably at most 1.25 times and
particularly preferably atmost 1.1 times this extension. In this
manner it can be achieved that while being driven, the carriers
contact each other at least nearly and thus the distance
between them is as small as possible. Preferably, the distance
between two adjacent carrier bolts is larger than the extension
of'the carriers along the conveying channel axis, in particular
the ratio of these values can be at least 1.01. It is thus possible
to achieve a certain play so as to compensate for production
tolerances and/or wear tolerances.

In a second preferred version, the drive is realized as a
chain drive or belt drive and comprises at least one drive chain
having at least one carrier projection. By means of this carrier
projection, at least in some sections a force can be directly
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exertable on the carrier, in particular on a drive surface of the
carrier, substantially parallel with respect to the conveying
channel] axis.

Also in the second version, the drive chain can be arranged
laterally of the conveying channel. Only one single drive
chain or also a plurality of drive chains can be present. For
example, a first drive chain with carrier projections can be
arranged at a first side of the conveying channel and a second
drive chain with carrier projections can be arranged at a
second side of the conveying channel opposite the first side.
Also in this manner the carriers can be prevented from
becoming wedged together while the carrier bolts exert a
force on them.

It is also preferable that the distance between two adjacent
carrier projections is substantially identical to the extension
of'the carriers along the conveying channel axis. This means
that the distance between two adjacent carrier projections is at
least as large as the extension of the carriers along the con-
veying channel axis and at most 1.5 times, preferably at most
1.25 times and particularly preferably at most 1.1 times this
extension. In this manner it can also be achieved that while
being driven, the carriers contact each other at least nearly and
thus the distance between them is as small as possible. Pref-
erably, the distance between two adjacent carrier projections
is larger than the extension of the carriers along the conveying
channel axis, in particular the ratio of these values can be at
least 1.01. It is thus possible to achieve a certain play so as to
compensate for production tolerances and/or wear tolerances.

In a third preferred version, the drive is realized as a worm
drive and comprises at least one rotatable drive worm by the
rotational movement of which at least in some sections a force
can be exerted directly on the carrier, in particular on a drive
surface of the carrier, substantially parallel with respect to the
conveying channel axis. To this end, it is particularly pre-
ferred if the rotational axis of the drive worm extends sub-
stantially parallel with respect to the conveying channel axis.

Also in this third version only one single or also a plurality
of rotary drive worms can be present. For example, a first
drive worm can be arranged at a first side of the conveying
channel, and a second drive worm can be arranged ata second
side of the conveying channel opposite the first side.

It is also preferred that the extension of the carriers along
the conveying channel axis is substantially an integer multiple
of'the pitch of the drive worm. This means that the ratio of the
extension of the carriers along the conveying channel axis and
the pitch of the drive worm is at most by 0.4, preferably at
most by 0.2 and particularly preferably at most by 0.1 smaller
than an integer, wherein this integer can be, e.g., 1,2,3,4,5
or 6. For example, said ratio might lie in the range of 3.6 to 4,
preferably 3.8 to 4, and particularly preferably 3.9 to 4. Also
in this manner it can be achieved that while being driven, the
carriers contact each other at least nearly and thus the distance
between them is as small as possible. It is also preferred that
said ratio is at least by 0.01 smaller than the mentioned
integer. It is thus possible to achieve a certain play so as to
compensate for production tolerances and/or wear tolerances.

In case there are multiple drive chain pairs and/or drive
chains and/or drive worms, they are preferably synchronized
with each other. This is possible, for example, by means of a
gear drive known per se, by means of which the driving force
can be transferred from a motor to a plurality of or all drive
chains and/or drive worms. By means of such a synchroniza-
tion it can in particular be guaranteed that the carrier bolts
described above extend in a vertical direction at least while a
force is exerted on the carrier and that a plurality of carrier
bolts, carrier projections or drive worms move at the same
speed.
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Preferably, the drive section has a length in the direction of
the conveying channel axis which is at least twice, preferably
at least three times the length of a carrier. It can thus be
guaranteed that at any time at least one carrier is located
completely in the drive section.

At least one guiding element can be present at an inner wall
of the conveying channel, and the carrier can have a corre-
sponding counter guiding element by means of which the
carrier can be guided along the guiding element. Tilting or
wedging of the carrier can thus be prevented. The guiding
element can be realized, e.g., as a lateral guiding plate. Pref-
erably, at least two and more preferably exactly two opposite
lateral guiding plates are arranged at the inner wall of the
conveying channel.

Alternatively, the carriers can be centered by means of the
carrier bolts described above. The drive chain described
above can be guided laterally and can thus take up lateral
forces.

Particularly preferably, a force transmission between two
carriers arranged adjacently in the conveying channel parallel
with respect to the conveying channel axis can be achieved by
a direct contact between the carriers and/or by bulk goods
arranged between the carriers in the conveying channel.

This is advantageous because it is sufficient to arrange only
one drive in a drive section, which makes the conveying
device more cost efficient and facilitates its maintenance.

A further aspect of the present invention relates to a carrier
for conveying bulk goods in a conveying device as described
above. The carrier comprises a carrier surface and an align-
ment means for aligning the mean surface perpendicular of
the carrier surface at least in some sections substantially
parallel with respect to the conveying channel axis.

In the meaning of the present application, a “carrier sur-
face” of the carrier is understood to be the surface which
substantially causes the bulk goods to be conveyed in the
conveying device when the carrier is used as intended.

An “alignment means” is understood to be a means for
aligning the carrier surface of the carrier in the conveying
channel in such a manner that, when being used as intended,
the carrier is suitable for conveying bulk goods. For example,
this can be achieved by a corresponding dimensioning as a
cylinder, by means of struts arranged at the circumference of
the carrier parallel with respect to the conveying axis, or by
spaced-apart disks connected by a strut.

In the meaning of the present application, the “mean sur-
face perpendicular” of the carrier surface is understood to be
the mean value of the surface perpendicular on the effective
carrier surface which, when being used as intended, can come
in contact with bulk goods.

The alignment of the carrier surface by means of an align-
ment means substantially parallel with respect to the convey-
ing channel axis is advantageous in that the carrier surface
takes a desired position during operation and thus allows an
efficient and cost-saving operation. Since the alignment
means is arranged at the carrier itself, for example when a
carrier is damaged, it is easily possible to replace said carrier
because the carrier can be arranged loosely in the conveying
channel, which facilitates maintenance.

Preferably, when the mean surface perpendicular of the
carrier surface is aligned substantially parallel with respect to
the conveying channel axis, the carrier surface covers the
mean conveying channel cross-section to an amount being
smaller than 100%. Preferably, the mean conveying channel
cross-section is covered in the range of 50% to 99.9% and
particularly preferably of 80% to 99.9%. In particular, the
covering might lie in the range of 85% to 99.9%, optionally in
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the range of 90% to 99.8%, and further optionally of 92% to
97%. In particular, the covering is selected depending on the
bulk goods to be conveyed.

In the meaning of the present application, the “mean con-
veying channel cross-section” is understood to be the mean
value of the cross-sectional surfaces perpendicular to the
conveying channel axis, through which bulk goods are con-
veyed when being used as intended.

The advantage thereof is an efficient conveying of bulk
goods along the conveying channel, leading to a cost-efficient
operation.

Particularly preferably, the alignment means is configured
as at least a first surface element and a second surface element
which are spaced from each other substantially parallel with
respect to the conveying channel axis and arranged so as to be
in operational contact with each other, wherein the mean
surface perpendiculars of the surface elements are arranged
substantially parallel with respect to the conveying channel
axis.

The advantage thereof is a simple structural design of the
carrier. Furthermore, this design has the advantages men-
tioned above in view of the alignment means.

For example, the carrier can thus be formed of two circular
disks being spaced apart from each other parallel with respect
to the conveying channel axis and being connected to each
other by means of a strut which is also arranged substantially
parallel with respect to the conveying channel axis.

The drive surface of the carrier can be arranged at one of the
two surface elements. In particular, the carrier surface can be
formed by a first side of one of the two circular disks, and the
drive surface can be formed by a second side of this disk
opposite the first side.

Particularly preferably, the surfaces enclosed by the cir-
cumference of the first surface element and the second surface
element are formed substantially congruently when being
projected parallel with respect to the mean surface perpen-
diculars.

In the meaning of the present application, the “surface
enclosed by the circumference” of the first surface element
and/or the second surface element is understood such that the
outer envelopes of the first surface element and/or the second
surface element can be mapped substantially congruently on
each other when being arranged in a conveying channel. For
example, two full-surface, circular disks being arranged par-
allel with respect to each other and having an identical diam-
eter are formed substantially congruently with respect to sur-
faces arranged parallel with respect to each other. Also a
circular, full-surface disk without openings is, when being
arranged in a conveying pipe with circular cross-section,
formed substantially congruently with respect to a surface
element comprising radially arranged struts with hollow
spaces between the struts if the struts have the same radius as
the circular, full-surface disk.

Forming the first surface element and the second surface
element substantially congruently with respect to each other
is advantageous in that the carrier has a simple structural
design which further simplifies maintenance and reduces the
costs of the carrier.

Preferably, the first surface element of the carrier facing the
conveying direction of the bulk goods lets the bulk goods go
through. In particular, the second surface element comprises
the carrier surface. In particular, the second surface element is
arranged at the side of the carrier facing away from the con-
veying direction.

In the meaning of the present application, the “conveying
direction” is understood to be the direction in which the bulk
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goods are, on average, conveyed along the conveying channel
in the conveying device, in particular in a section along the
conveying channel.

In the meaning of the present application, the term “lets go
through” for a surface element is understood such that the
bulk goods to be conveyed are allowed to go through. For
example, the ability that the bulk goods go through can be
achieved by arranging sufficiently large openings for the bulk
goods in the first surface element.

The ability of the first surface element, which is arranged in
a manner spaced apart from the second surface element sub-
stantially parallel with respect to the conveying channel axis,
to let bulk goods go through is advantageous in that the space
between the surface elements can be used for conveying bulk
goods, which increases the throughput and is thus more effi-
cient in view of the costs.

Particularly preferably, the carrier comprises a spacer at the
side facing the conveying direction and/or at the side facing
away from the conveying direction. In particular, the spacer is
an am arranged substantially parallel with respect to the con-
veying channel axis. Moreover, the spacer is in particular
formed at the end facing away from the carrier in a ball-
shaped or dome-shaped manner.

In the meaning of the present application, the wording
“ball-shaped or dome-shaped” is understood such that a ball
or a dome is arranged at the end of the spacer facing away
from the carrier. A dome is understood to be a flattened
section of a ball.

The arrangement of at least one spacer at the carrier is
advantageous in that a minimum distance for efficiently con-
veying bulk goods in the conveying channel can be achieved
by means of structurally simple means, which reduces the
maintenance efforts and makes the operation cost-saving and
efficient. Arranging a ball-shaped or dome-shaped spacer is
advantageous in that also in curved conveying channels the
spacer functions reliably and the occurrence of high point
loading is minimized, which reduces wear and thus the main-
tenance efforts.

At the side facing the conveying direction or at the side
facing away from the conveying direction, the carrier particu-
larly preferably comprises a recess which is formed such that
the spacer can engage with the recess. In particular, the recess
is funnel-shaped and moreover in particular at least in some
sections ball-shaped or at least in some sections parabolic.

This is advantageous in that also in curved areas of the
conveying channel, a spacer can reliably engage with the
recess, which makes the operation more reliable and reduces
wear, leading to reduced maintenance efforts.

A further aspect of the present application relates to a
feeding device for bulk goods into an inlet in a conveying
device comprising a conveying channel having an inner wall.
In particular, the feeding device is used together with a con-
veying device as described above and optionally with a carrier
as described above. The bulk goods can be conveyed into the
conveying device substantially by means of gravity. In par-
ticular, the feeding device is arranged in a substantially hori-
zontal section of the conveying device. The inlet covers an
angular range of the inner wall of greater than 0° to smaller
than 180° and/or smaller than 0° to greater than —180° relative
to the gravity direction. Preferably, the angular range is
greater than 20° to smaller than 160° and/or smaller than -20°
to greater than —160°. Particularly preferably, the angular
range is greater than 45° to smaller than 150° and/or smaller
than -45° to greater than —150°.

Inthe meaning ofthe present application, an “angle relative
to the gravity direction” is understood such that the gravity
direction defines an angle of 0° and a positive angle is mea-
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sured in the clockwise direction relative to the gravity direc-
tion and a negative angle in the counterclockwise direction.

In the meaning of the present application, a “substantially
horizontal section” is a section which is arranged substan-
tially perpendicular with respect to the gravity direction.

In the meaning of the present application, an “angular
region covering the inner wall” is understood such that the
inlet into the conveying device covers an opening angle mea-
sured from the conveying channel axis, i.e. the center of the
conveying channel. The angular range should be understood
to be the mean angular range.

For example, the inlet is arranged at the side if the inlet is
arranged in a substantially horizontal section of the convey-
ing device.

Arranging the inlet in the claimed angular range is advan-
tageous in that a filling height or filling level can be adjusted
in the conveying channel depending on the requirements. The
angular range can be selected advantageously depending on
the bulk goods used.

For example, the angular range can be firmly adjusted. This
is advantageous in that the angular range can be fixed to an
optimum value, e.g., for bulk goods to be conveyed, which
renders the operation of the conveying device more reliable.

The angular range is preferably adjustable, in particular by
means of a slide.

For example, the slide can be arranged as a rotary slide
and/or as a rotary sleeve atthe conveying channel and/or at the
feeding device.

The adjustability of the angular range is advantageous in
that, depending on the requirements as to the conveying of the
bulk goods as well as also depending on the bulk goods to be
conveyed, the angular range is adjustable for adjusting the
filling level in the conveying channel.

Particularly preferably, the conveying device comprises a
redirecting portion for conveying the bulk goods to the inlet.

This is advantageous in that the bulk goods, which are
stored, e.g., upstream in a storage container, can be conveyed
through the redirecting portion to the conveying channel,
wherein the conveying speed or conveying rate of the bulk
goods into the conveying channel can be adjusted by the
redirecting portion.

In the meaning of the present application, a “redirecting
portion” is understood to be a portion in which the bulk goods
are redirected from a conveying direction substantially par-
allel with respect to the gravity direction.

Particularly preferably, the redirecting portion is formed as
a redirecting surface and arranged at a redirecting angle rela-
tive to the gravity direction in the range of 30° to 70°.

Preferably, the redirecting angle lies in the range of 40° to
60°, particularly preferably of 45° to 55°.

Alternatively, the redirecting angle can also be -30° to
-70°, preferably —40° to -60° and particularly preferably
-45° to =55°.

Arranging a redirecting surface in the claimed angular
range is advantageous in that the amount of supplied bulk
goods can be adjusted depending on the bulk goods used and
the required flow rate.

In particular, the redirecting angle is adjustable, which
advantageously allows the redirecting angle to be adjusted
depending on the respective requirements.

An additional aspect of the present invention relates to a
method for conveying bulk goods by means of a conveying
device as described above. Optionally, the conveying device
comprises a carrier as described above. Further optionally, the
device comprises a feeding device as described above. The
method comprises the step of conveying the bulk goods from
an inlet to an outlet.
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The method comprises the advantages described above.

A further aspect of the present invention relates to a method
for upgrading and/or converting or refitting a conveying
device for conveying bulk goods. The method comprises the
step of mounting at least one carrier in order to build a con-
veying device as described above. In particular, a carrier as
described above is mounted. The method further optionally
comprises the step of mounting a feeding device as described
above.

This is advantageous in that already installed conveying
devices can be upgraded and/or converted or refitted to
become a conveying device according to the present inven-
tion, which is cost-efficient because no installation of a com-
pletely new conveying device is necessary.

Further features and advantages of the invention will be
discussed in more detail below on the basis of embodiments
for a better understanding thereof, without the invention
being restricted to the embodiments.

FIG. 1 shows a perspective view of a conveying device of
the invention;

FIG. 2 shows a front view of the conveying device of the
invention according to FIG. 1;

FIG. 3 shows an enlarged view of the drive section of the
conveying device of the invention according to FIG. 1;

FIG. 4 shows a front view of a section of the conveying
device of the invention according to FIG. 1 and comprising
the drive section;

FIG. 5 shows a section of a conveying device of the inven-
tion comprising two carriers in a straight conveying pipe;

FIG. 6 shows a section of a conveying device of the inven-
tion comprising two carriers in a curved conveying channel;

FIG. 7 shows a photographic view of two carriers of the
invention being operationally connected in a conveying
groove;

FIG. 8 shows a perspective view of a carrier of the inven-
tion;

FIG. 9 shows a side view of the carrier according to FIG. 8;

FIG. 10 shows a schematic view of a feeding device of the
invention comprising a conveying channel;

FIG. 11 shows a perspective view of a part of an alternative
conveying device of the invention comprising carriers and
bulk goods;

FIG. 12 shows a schematic view of a conveying device
comprising an S-shaped conveying pipe;

FIG. 13a shows a perspective view of a further embodi-
ment of a conveying device of the invention comprising car-
rier bolts arranged at a pair of drive chains;

FIG. 135 shows a top view of a conveying device according
to FIG. 13a;

FIG. 14a shows a perspective view of a further embodi-
ment of a conveying device of the invention comprising car-
rier bolts arranged at two pairs of drive chains;

FIG. 145 shows a top view of the conveying device accord-
ing to FIG. 14a;

FIG. 15a shows a perspective view of a further embodi-
ment of a conveying device of the invention with carrier
projections arranged at a drive chain;

FIG. 155 shows a top view of the conveying device accord-
ing to FIG. 15a;

FIG. 16a shows a perspective view of a further embodi-
ment of a conveying device of the invention with carrier
projections arranged at two drive chains;

FIG. 165 shows a top view of the conveying device accord-
ing to FIG. 16a;

FIG. 17a shows a perspective view of a further embodi-
ment of a conveying device of the invention with a drive
worm;
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FIG. 175 shows a top view of the conveying device accord-
ing to FIG. 17a;

FIG. 18a shows a perspective view of a further embodi-
ment of a conveying device of the invention with two drive
worms;

FIG. 185 shows a top view of the conveying device accord-
ing to FIG. 18a;

FIG. 19a shows a conveying device with a four bar mecha-
nism at a first point in time;

FIG. 1956 shows the conveying device according to FIG.
19a at a second point in time.

FIG. 1 shows a perspective view of a conveying device 1 of
the invention for conveying bulk goods. The conveying chan-
nel 4 is formed as a conveying pipe 5, which can be made, e.g.,
of steel or plastic. The conveying channel 4 is formed in a
circumferentially closed manner so that carriers 2 arranged in
the conveying channel 4 can rotate endlessly.

A plurality of carriers 2, which are driven by means of the
drive 6 in the drive section 8, are arranged in the conveying
device 1. The carriers are arranged loosely along the convey-
ing channel axis in the conveying channel 4.

Bulk goods are conveyed by means of the feeding device
18 into the conveying channel 4.

FIG. 2 shows a front view of the conveying device 1
according to FIG. 1.

In the following, equal reference numbers designate equal
features in the Figures and, therefore, are only explained
again if necessary.

In the illustration according to FIG. 2, an outlet 22 is
shown. During operation, bulk goods are conveyed by the
feeding device 18 into the conveying channel 4. The bulk
goods in the conveying channel 4 are conveyed by the driven
carriers 2 to the outlet 22 where the bulk goods fall out of the
conveying device 1, e.g., into a collecting container not shown
here.

FIG. 3 shows a perspective view of the area comprising the
drive section 8 of the conveying device 1 according to FIG. 1.
The conveying pipe 5 has an inner wall 9 which acts as a
guiding means along the conveying channel axis for the car-
rier 2.

In the drive section 8, drive arms 25 exert a force on the
carriers 2 in a manner substantially parallel with respect to the
conveying channel axis. The drive arms 25 are moved by a
drive chain 24 in the drive section 8 substantially parallel with
respect to the conveying channel axis. The force is applied to
the carrier 2 substantially in the circumferential area of the
carrier 2 facing the inner wall 9 of the conveying channel.

FIG. 4 shows a front view of a part of the section of the
conveying device 1 according to FIG. 3.

The drive arms 25, which are driven by the drive chain 24,
engage with the conveying pipe 5 through an engagement
opening 26. Since bulk goods are conveyed by means of the
drive 6 only downstream of the drive section, sealing of the
engagement opening 26 is not necessary in any case.

FIG. 5 schematically shows a section of the conveying
channel 4 which is realized as a conveying pipe 5 and com-
prises two carriers 2. At the side of the carriers 2 facing the
conveying direction, the carriers 2 have arms 17 serving as
spacers. At the side facing away from the conveying direction,
the carriers 2 have recesses 16 with which an adjacently
arranged carrier 2 can optionally engage with the arm 17.

The carriers 2 comprise struts 23 which, in the present case,
are arranged substantially parallel with respect to the convey-
ing channel axis 7.

FIG. 6 schematically shows a section of a conveying device
having a curved conveying channel with carriers 2 arranged
therein.

25

30

35

40

45

12

FIG. 7 photographically shows a section of a conveying
device 1 with a conveying channel 4 which is realized as a
conveying groove and in which two carriers 2 witharm 17 and
recess 16 are shown in a curved section of the conveying
channel.

FIG. 8 is a perspective view of a carrier 2 of the invention.

The carrier 2 according to FIG. 8 comprises an arm 17
which, when being used as intended, is arranged in a convey-
ing channel at the side facing the conveying direction.

The carrier 2 comprises a first surface element 13 which
lets bulk goods go through. The carrier 2 further comprises a
second surface element 14 which comprises the carrier sur-
face not shown here. The first surface element 13 and the
second surface element 14 are arranged in a manner spaced
apart from each other by means of a strut 23 in order to cause
an operational connection between the two surface elements.

Moreover, at the side of the second surface element 14
facing away from the conveying direction, the carrier 2 has a
recess 16 with which an arm 17 of an adjacently arranged
carrier can engage.

FIG. 9 shows a side view of the carrier 2 of the invention
according to FIG. 8.

The carrier 2 comprises a spacer 15 which is formed as an
arm 17. The arm 17 is ball-shaped at the end facing away from
the carrier 2. At the side facing away from the conveying
direction, the carrier 2 has a recess 16 which is ball-shaped in
some sections so that the ball-shaped spacer 15 can engage
with the complementary recess 16 of a further carrier.

The first surface element 13 and the second surface element
14 are operatively connected to each other by means of the
strut 23, wherein the first surface element 13 and the second
surface element 14 act as alignment means 11. The first sur-
face element 13 lets bulk goods go through.

The second surface element 14 comprises at a first side the
carrier surface 10 for conveying the bulk goods along the
conveying channel and at a second side opposite the first side
it comprises a drive surface 27. The drive surface 27 can be
elastic and made in particular of plastic or rubber. Alterna-
tively, the drive surface 27 can also be made of steel. The drive
can exert a force on this drive surface 27 for driving the carrier
2.

The surfaces enclosed by the circumferences of the first
surface element 13 and the second surface element 14 are
substantially congruent with respect to each other in case of a
projection substantially parallel with respect to the mean
surface perpendicular 12, which leads to the desired align-
ment of the carrier 2 in the conveying channel.

FIG. 10 shows a side view of a feeding device 18 of the
invention for feeding bulk goods 3 into a conveying pipe 5 of
the conveying device.

The conveying pipe 5 has an inlet 19 covering an angular
range of about 90°. By means of a slide, which is realized as
a rotary slide, the angular range a can be adjusted in accor-
dance with the requirements.

The feeding device 18 has a redirecting area 21 which is
arranged with a redirecting angle u of about 50° relative to the
gravity direction.

FIG. 11 shows a perspective view of a section of an alter-
native conveying device of the invention. For reasons of clar-
ity, the conveying pipe is not shown here.

A plurality of carriers 2 are arranged in the conveying pipe,
wherein in the present case three carriers 2 are visible. By
means of a drive chain 24 (only sections thereof are shown)
and driving arms 25 arranged thereon, a force can be exerted
on the carriers 2 substantially parallel with respect to the
conveying channel axis. The carriers 2 do not have spacers.
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Bulk goods 3 are arranged between the carriers 2, leading to
the spacing of the carriers 2 desired in the present case.

FIG. 12 shows a schematic side view of a conveying device
1 with a conveying pipe 5. The conveying pipe 5 is S-shaped.
In alower region, an inlet container 23 is arranged for feeding
bulk goods conveyed by means of carriers (not shown) to the
outlet container 24. The inlet and the outlet are not shown
here.

The conveying device 1 according to FIGS. 13a¢ and 135
comprises a chain drive 6 with a pair of drive chains formed of
a lower drive chain 28a and an upper drive chain 285. Four
carrier bolts 29 are attached to these drive chains 28a, 285,
wherein the respective lower ends of the carrier bolts 29 are
attached to the lower drive chain 28a and the upper ends of the
carrier bolts 29 are attached to the upper drive chain 285.
Hence, the carrier bolts 29 extend in a vertical direction. The
two drive chains 28a, 285 are driven by means of a drive shaft
30 and two sprocket wheels 31 attached thereto. At the oppo-
site end, the drive chains 28a, 285 are redirected by means of
aredirecting axis 32. Also more or less than four carrier bolts
29 being attached to the driving chains 28a, 28b are conceiv-
able.

By rotating the drive shaft 30, the carrier bolts 29 are
moved along the conveying channel axis 7. Hence, the carrier
bolts 29 come in contact with the drive surfaces 27 of the
carriers 2 and thus drive them.

The distance between two adjacent carrier bolts 29 is
approx. 1.02 times the extension of the carriers 2 along the
conveying channel axis 7 and thus in the meaning of the above
definition substantially identical to this extension. It can thus
be achieved that the carriers 2 almost contact each other while
being driven. However, contact is prevented in order to pre-
vent undesired collisions of adjacent carriers 2. Moreover, the
drive section along the conveying channel axis 7 is twice as
long as the carriers 2. Hence, at any point in time at least one
carrier 2 is completely in the drive section.

The embodiment shown in FIGS. 14a and 145 comprises
two chain drives 6 and 6' with drive chain pairs 28a, 285 and
284', 284", which each have four respective carrier bolts 29
and 29', respectively. The two drive chain pairs 28a, 285 and
284', 284" are arranged at opposite sides of the conveying
channel 4. To allow a synchronous movement and a vertical
alignment of the carrier bolts 29, 29', the two drive shafts 30,
30' can be driven by a common motor via a gear drive not
shown here.

The chain drive 6 of the embodiment according to FIGS.
15a and 156 comprises a drive chain 33 which is driven by a
drive shaft 30 and redirected by a redirecting axis 32. Four
carrier projections 34, by means of which the carriers 2 can be
driven, are screwed to the drive chain 33. The drive chain 33
is arranged laterally of the conveying channel 4.

The distance between two adjacent carrier projections 34 is
approx. 1.02 times the extension of the carriers 2 along the
conveying channel axis 7 and thus in the meaning of the above
definition substantially identical to this extension. It can thus
be achieved that the carriers 2 almost contact each other while
being driven. Moreover, also in this example the drive section
is twice as long as the carriers 2 along the conveying channel
axis 2. Hence, at any point in time at least one carrier 2 is
completely in the drive section.

In contrast to FIGS. 154 and 155, the conveying device 1
according to FIGS. 164 and 165 comprises two opposite drive
chains 33, 33' with respective drive shafts 30 and 30' and
respective redirecting axes 32 and 32' as well as respective
carrier projections 34 and 34'. Also in this embodiment, the
two drive shafts 30 and 30' can be synchronized by means of
a gear drive not shown here.
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In the embodiment shown in FIGS. 17a and 175, the drive
is realized as a worm drive 6 with a rotary drive worm 35
whose rotational axis D extends parallel with respect to the
conveying channel axis 7. In this embodiment, the carriers 2
are driven by rotating the drive worm 35 about their rotational
axis D.

The extension ofthe carriers 2 along the conveying channel
axis 7 is about 3.9 times the pitch G of the drive worm 35. It
can thus be achieved that the carriers 2 almost contact each
other while being driven.

The embodiment shown in FIGS. 184 and 185 shows two
drive worms 35, 35' with respective rotational axes D, D'
extending parallel with respect to the conveying channel axis
7. Also here, the two drive worms 35, 35' can be synchronized
by a gear drive not shown here.

FIGS. 19a and 195 show a drive 4 which is realized as a
four bar mechanism. A first end of a first lever 36 is attached
to a first drive shaft 37, while a second end of the first lever 36
is rotationally connected to a first end of a second lever 39 via
a joint 38. The second lever 39 has a slot 40 with which a pin
41 engages so that it becomes possible to guide the second
lever 39. Furthermore, a first end of a third lever 42 is attached
to asecond drive shaft 43, while a second end ofthe third lever
42 is rotationally connected to a first end of a fourth lever 45
via a joint 44. The fourth lever 45 has a slot 46 with which a
pin 47 engages so that it becomes possible to guide the fourth
lever 45. The first drive shaft 37 and the second drive shaft 43
are driven by a common drive belt 48 so that a synchroniza-
tion of the drive shafts 37, 43 is achieved.

FIGS. 194 and 195 show the drive 6 at two different points
in time. The drive 6 is configured and arranged such that in
some sections a force can be exerted on carriers 2 parallel with
respect to the conveying channel axis 7 by means of a second
end 49 ofthe second lever 39 and a second end 50 of the fourth
lever 45 when the drive 6 moves by movement of the drive belt
48. Moreover, the drive 6 is configured and arranged such that
the second end 49 of the second lever 39 exerts a force on a
first carrier 2 until the second end 50 of the fourth lever 45
starts to exert a force on a second carrier 2 and vice versa. In
this embodiment, the drive section has the length of a carrier
2.

Alternatively to the embodiment shown in FIGS. 194 and
195, the movement of levers can also be controlled by at least
one connecting member, preferably at least two connecting
members, which either guides the levers with perpendicularly
movable carrier bolts directly across the carrier or is indi-
rectly placed in the drive.

The invention claimed is:

1. A conveying device comprising:

a conveying channel;

at least one carrier arranged in the conveying channel; and

at least one drive for driving the at least one carrier for
conveying bulk goods along a conveying channel axis,

wherein the at least one carrier is loosely arranged in the
conveying channel at least in some sections along the
conveying channel axis and a force transmission
between two carriers adjacently arranged in the convey-
ing channel parallel with respect to the conveying chan-
nel axis can be achieved by at least one of a direct contact
between the carriers and/or by bulk goods arranged
between the carriers in the conveying channel, and

wherein the drive reaches into the conveying channel at
least in a drive section for exerting a force substantially
parallel with respect to the conveying channel axis on a
carrier arranged in the drive section.
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2. The conveying device according to claim 1, wherein the
conveying channel is formed as a guide along the conveying
channel axis for the carrier.

3. The conveying device according to claim 1, wherein the
drive is configured such that at least in some sections a force
can be exerted by the drive directly on the carrier substantially
parallel with respect to the conveying channel axis.

4. The conveying device according to claim 3, wherein the
drive comprises at least one carrier bolt by which a force can
be exerted at least in some sections directly on the carrier
substantially parallel with respect to the conveying channel
axis.

5. The conveying device according to claim 4, wherein the
drive is configured as a chain drive and comprises at least one
drive chain pair, wherein each of two opposite ends of the
carrier bolt (29, 29") is attached to a respective drive chain of
the drive chain pair.

6. The conveying device according to claim 3, wherein the
drive is configured as a chain drive and comprises at least one
drive chain having at least one carrier projection by which a
force can be exerted at least in some sections directly on the
carrier substantially parallel with respect to the conveying
channel] axis.

7. The conveying device according to claim 3, wherein the
drive is configured as a worm drive and comprises at least one
rotary drive worm by the rotational movement of which a
force can be exerted at least in some sections directly on the
carrier substantially parallel with respect to the conveying
channel] axis.

8. The conveying device according to claim 1, wherein the
drive comprises at least one of a chain drive, a belt drive, a
coupler mechanism, a gear drive, a worm drive, and/or a
magnet drive.

9. A carrier for conveying bulk goods in a conveying device
according to claim 1, comprising:

a carrier surface,

wherein the carrier comprises an aligner for aligning a

mean surface perpendicular of the carrier surface at least
in some sections substantially parallel with respect to the
conveying channel axis ,wherein the aligner is config-
ured at least as a first surface element and a second
surface element which are spaced from each other sub-
stantially parallel with respect to the conveying channel
axis and which are arranged so as to be operatively
connected to each other,

wherein the mean surface perpendiculars of the surface

elements are arranged substantially parallel with respect
to the conveying channel axis.

10. The carrier according to claim 9, wherein when align-
ing the mean surface perpendicular of the carrier surface
substantially parallel with respect to the conveying channel
axis, the carrier surface covers the mean conveying channel
cross-section to an extent of less than 100.

11. The carrier according to claim 9, wherein the first
surface element facing the conveying direction of the bulk
goods is configured to permit the bulk goods to go through,
and wherein the second surface element comprises the carrier
surface.

12. The carrier according to claim 9, wherein at the side
facing and/or facing away from the conveying direction, the
carrier comprises a spacer arranged substantially parallel
with respect to the conveying channel axis.

13. The carrier according to claim 12, wherein at the side
facing or facing away from the conveying direction, the car-
rier comprises a recess which is formed such that the spacer
can engage with the recess.
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14. The carrier according to claim 13, wherein the recess is
funnel-shaped.

15. The carrier according to claim 14, wherein the funnel-
shaped recess is, at least in sections, at least one of ball-
shaped and/or parabolic.

16. The carrier according to claim 12, wherein the spacer
comprises an aim with a ball-shaped or dome-shaped end
arranged at an end facing away from the carrier.

17. A method for upgrading and/or converting or refitting a
conveying device for conveying bulk goods, comprising:

mounting at least one carrier according to claim 9, for

building a conveying device.

18. The method according to claim 17, further comprising
mounting a feeding device of the bulk goods to the conveying
device.

19. The carrier according to claim 9, wherein the carrier
comprises at least one drive surface on which a force can be
exerted by the drive directly on the carrier substantially par-
allel with respect to the conveying channel axis.

20. The carrier according to claim 9, wherein the carrier
surface covers the mean conveying channel cross-section to
an extent in a range of 50% to 99.9%.

21. The carrier according to claim 9, wherein the carrier
surface covers the mean conveying channel cross-section to
an extent in the range of 80% to 99.9%.

22. A method for conveying bulk goods by using a convey-
ing device according to claim 1, comprising:

conveying the bulk goods from an inlet of the conveying

device to an outlet of the conveying device.

23. The conveying device according to claim 1, wherein the
conveying channel comprises a conveying pipe and the at
least one carrier arranged in the conveying channel comprises
at least two carriers.

24. A method for upgrading and/or converting or refitting a
conveying device for conveying bulk goods, in which the
conveying device includes a conveying channel; at least one
carrier arranged in the conveying channel; and at least one
drive for driving the at least one carrier for conveying bulk
goods along a conveying channel axis, the method compris-
ing:

mounting the at least one carriers for conveying bulk goods

in the conveying device, the atleast one carrier including
a carrier surface and an aligner for aligning a mean
surface perpendicular of the carrier surface at least in
some sections substantially parallel with respect to the
conveying channel axis, wherein the aligner is config-
ured at least as a first surface element and a second
surface element that are spaced from each other substan-
tially parallel with respect to the conveying channel axis
and which are arranged so as to be operatively connected
to each other; and

mounting a feeding device to the conveying device,

wherein the at least one carrier is loosely arranged in the

conveying channel at least in some sections along the
conveying channel axis and a force transmission
between two carriers adjacently arranged in the convey-
ing channel parallel with respect to the conveying chan-
nel axis can be achieved by at least one of a direct contact
between the carriers and/or by bulk goods arranged
between the carriers in the conveying channel, and
wherein the drive is configured to reach into the convey-
ing channel at least in a drive section for exerting a force
substantially parallel with respect to the conveying
channel axis on a carrier arranged in the drive section.
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